At Monash Medical Centre, Victoria, private consultant (PC) operating sessions are typically able to perform an extra elective caesarean section in comparison to public teaching (PT) operating sessions (a maximum of four cases per session versus three cases per session respectively). Both private and public sessions use the same operating theatres, nursing and technical staff. Consultant anaesthetists and obstetricians perform all tasks during private sessions, whereas anaesthetic and obstetric trainees perform many tasks during public sessions. Increased procedural times due to teaching in the operating suite are thought to be responsible for reduced theatre throughput, however this has not been objectively quantified in this setting.
Participation of surgical trainees is known to prolong procedural times in a variety of settings and results in an increased cost burden 1, 2 . In the anaesthetic setting increases in procedural times attributable to trainees are more modest [3] [4] [5] , with several authors questioning the clinical significance of small increases in anaesthetic times 3, 4 . However, these studies did not control for surgical procedure or patient factors that have implications for the complexity of anaesthesia. Other limitations include the lack of generalisability of results, due to institutional and organisational factors. Using only elective caesarean section under spinal anaesthesia and therefore controlling both the surgical procedure and anaesthetic technique, this study was designed to re-investigate this topic in the Australian setting.
The aims of this study were to quantify the difference in procedural times for elective caesarean section between PC and PT groups at Monash Medical Centre and to quantify the impact of anesthetic trainees on any observed differences in elective caesarean section procedural times.
METHODS
After obtaining approval from the local Human Research Ethics Committee, a prospective observational study was conducted between April and July 2009. The requirement for written informed consent was waived. The study was conducted 
SUMMARY
Operating room efficiency is an important concern in hospitals today both in the public and private sectors. Currently, a paucity of literature exists to evaluate the impact of anaesthetic training on operating room efficiency in the Patients with a singleton pregnancy undergoing routine elective caesarean section under spinal anaesthesia were included. Cases were excluded from observation if any factor likely to impact on procedural times was identified, including an emergency procedure, patient body mass index >40 kg.m 2 , multiple gestation, non-spinal anaesthesia, patient anatomical defects making spinal anaesthesia problematic (e.g. scoliosis), major placenta praevia or adherent placenta, the use of non-standard or invasive monitoring and excessive blood loss (>1000 ml).
The principal investigators and anaesthetic department research coordinator carried out observations and recorded data on standardised forms (available from corresponding author on request). Cases were screened for eligibility, baseline data collected and defined time points were recorded during the perioperative period. Actual time was recorded to the nearest 15-second interval, using synchronised theatre clocks. Operating room staff were blinded to the nature of the project and instructed to perform all duties as usual.
The typical pathway for a patient undergoing elective caesarean section is as follows: admission to the preoperative holding area after which the patient is transferred to the anaesthetic room; insertion of an intravenous cannula; single-shot spinal anaesthesia followed by transfer to the operating theatre and operating table; insertion of a urinary catheter; confirmation of adequate spinal anaesthesia and finally, skin preparation and surgery. At completion of the operation a dressing is applied to the wound, the patient is then cleaned, transferred to a ward bed and hence to the recovery room.
Time definitions were based on the Association of Anesthesia Clinical Directors Procedural Times Glossary 6 . Total case time (TCT) is the period from patient entry into the anaesthetic room until departure from the operating room. Anaesthesia controlled time (ACT) is the period from when a patient enters the anaesthetic room until they are positioned and ready for surgical skin preparation, plus the time from surgical dressing application until the time of departure from the operating room. ACT was defined by Dexter in 1995 and is an accepted parameter for measuring anaesthetic time 7 . It includes all time intervals when the anaesthetic team can impact on workflow. Surgical time (ST) begins when the patient is positioned and ready for skin preparation through until the time of dressing application at the end of surgery. In summary, ACT+ST=TCT. Clearly identifiable events were chosen to designate time points in order to minimise variation between observers. Time points were documented on the data collection form (available from corresponding author on request). Component task times were also recorded.
It was determined that a sample size of 29 patients per group would be required to find a 25% difference in ACT, based on power >80% and a two-tailed alpha value of <0.05. Statistical analysis was performed using SPSS version 13 (Chicago, Illinois, USA). Standard descriptive statistics were calculated. The Mann-Whitney rank sum test was used for comparison of procedural times between groups. Statistical significance was set at a P value of 0.016, with Bonferroni correction applied for multiple comparisons of key outcome measures (TCT, ACT, ST).
RESULTS
Complete data was collected for 59 eligible caesarean sections (PC n=29; PT n=30). Baseline group characteristics are summarised in Table 1 . A higher rate of repeat caesarean section was observed in the PT group, whereas maternal preference was a more frequent surgical indication in the PC group. In all other respects the groups were similar. A statistically significant increase was observed in TCT, ACT and ST in the PT group compared to the PC group (Table 2 ). The TCT was prolonged by an average of 24.5 minutes. Twenty-one percent of the additional time was attributable to prolonged ACT (5.2 minutes) and 79% to a prolonged ST (19.25 minutes). Comparison of component task times showed a trend towards increased duration in the PT group for each time interval. However, apart from the operative time, these differences were not significant ( Table 3 ).
DISCUSSION
The key finding of this study was that the participation of anaesthetic and obstetric trainees during elective caesarean section is associated with increased procedural durations. The increase in procedural time attributable to anaesthetic time is modest relative to the total procedural time. This study identified a unique situation to study the effect of specialist trainees on procedural times. The sole difference between PC and PT operating sessions at Monash Medical Centre is the participation of trainees during the latter. All other aspects of patient care during elective caesarean section are identical including nursing and technical staff, anaesthetic and monitoring equipment, surgical instruments and the physical operating theatre environment, policies and procedures. In order to ensure that groups remained as similar as possible, only routine patients were observed and potential factors that may have altered procedural times were reasons for exclusion.
The study used a prospective observational design with a dedicated observer in the operating room to ensure accuracy of data collection. The potential alternative design of a retrospective study based on computerised time data was considered a less desirable option for several reasons. First, the time parameters routinely collected do not correspond exactly with the time intervals of interest. Second, the recording of time data performed in theatre is of variable accuracy and potentially lacks the fidelity required to detect small time differences. A dedicated observer collected data in preference to relying on theatre staff to record times as staff are busy and have other priorities during the operative period. We considered that staff motivation to complete an additional task was likely to be variable, with the potential for missed and inaccurate time recording high. Unfortunately, due to limited resources, the use of an independent blinded observer(s) was not possible. The potential for observer bias was minimised by the use of strict objective time points, which eliminated the need for 'judgment calls'. Operating theatre staff were blinded as to the nature of the investigation. The presence of an observer has the potential to alter individual practices and this could have impacted on procedural times. Nevertheless, it can be reasoned that an individual may work either faster or slower, depending on their suspicions regarding the nature of the observation, with differences likely to negate each other.
While the two groups in the study were similar, one point of difference should be noted: the percentage of women undergoing repeat elective caesarean section was higher in the PT group (80% vs 48%). Previous caesarean section may increase operative difficulty and prolong surgical times, although no evidence to support this notion could be identified in the literature. Nonetheless, this baseline discrepancy between groups may have contributed to the observed difference in procedural times. Another potential limitation of this study was the 'block' allocation nature of elective operating sessions. This may independently influence staff workflow. A 'block' theatre session (typical of the majority of Australian theatre services) has a fixed duration, whereby scheduled elective cases can be followed by additional emergency cases if time allows. This allocation system is not applicable to other countries, particularly parts of the USA where much of the research in healthcare economics is undertaken. Several implications for workflow arise in this system. First, the time remaining in an operating 'session' may determine the extent to which trainees are allowed to persevere with any given task before assistance is offered by the supervising specialist. Second, there is a possibility that staff tend to work in such a way that the available time slot is filled, thus avoiding allocation of additional emergency cases. A future study might observe the case times when four trainee cases are scheduled electively, instead of the current three. Of additional interest, the quality of training, as experienced by trainees, could be compared between a three and four case session.
The findings of this study are consistent with previous reports. A study examining anaesthesia resident teaching in the operating room found that the time to skin incision increased by 4.5 minutes, although this represented only 3% of the TCT, leading the authors to conclude the difference was of little clinical significance 3 . Eappen and colleagues 4 also found that the initiation of new anaesthetic trainees resulted in increased anaesthesia times, although this only added an estimated nine minutes to an eighthour day. Likewise, a recent retrospective study of three common surgical procedures also concluded that anaesthesia resident training significantly increases procedure time 5 . Our study measured an increased ACT of 5.2 minutes (16% increase) and ST of 19.25 minutes (70% increase) attributable to the presence of trainees, these magnitudes being in keeping with the existing literature.
Intuitively, complex medical procedures will take longer when undertaken by less experienced trainees, although it is less obvious why surgical times are consistently increased to a greater degree than anaesthetic times when trainees participate. Possible explanations relate to the complexity of the respective tasks performed and the ability of anaesthetic teams to perform tasks simultaneously, leading to improved efficiency. While both anaesthetic and surgical tasks require high skill and significant training, the surgical process of caesarean section is a more complex task with a greater number of individual steps, more variables and a steeper learning curve. During PT operating sessions the anaesthetic team consists of a consultant and a trainee. This allows the team to 'divide and conquer' the required tasks. For example, if a preoperative assessment has not been conducted prior to patient arrival in the preoperative holding area, one team member is free to leave the theatre and assess the next patient. Similarly, once a patient enters the anaesthetic room one team member can perform intravenous cannulation while the other prepares to perform spinal anaesthesia. Such time savings may offset delays in the performance of specific tasks by anaesthetic trainees.
An elective operating session in our institution takes 240 minutes. Based on the average TCT and allowing no time for turnover between cases or for inevitable delays, 238 minutes is required to complete four caesarean sections during a PC operating session. Almost certainly more than 2.4 minutes would be required for turnover, so unless staff can complete cases faster than average, PC operating sessions with four caesarean sections booked would frequently run over schedule. Using the same approach, 252 minutes is required to complete three operations during a PT session. Thus, even without allowing for turnover time, such a session with three scheduled cases is likely to run over schedule. Data regarding operating session completion time and over-runs were not collected in this study.
Assuming that three cases are completed during a 'typical' PT session, it can be calculated that increased time attributable to anaesthetic trainees is 15.6 minutes, based on the results. If this delay could be eliminated, it would not allow an additional case to be performed, although the likelihood of a late finish would be reduced. Likewise, 57.75 minutes is the increase in surgical time attributable to obstetric trainees. To complete an additional case during a PT operating session, the majority of the improved efficiency would have to be made within the surgical component. Although it appears unlikely that efficiency gains might allow time for an extra caesarean section, they would reduce overruns and possibly allow an additional shorter operation to be scheduled.
Although anaesthetic trainees contribute to prolonged case time, the overall impact does not appear to be clinically or economically significant. The training of specialist anaesthetists is one of the key roles of teaching hospitals that does not appear to significantly contribute to a reduction in operating theatre throughput in this clinical setting.
